Effectiveness of en-masse retraction using midpalatal miniscrews and a modified transpalatal arch: Treatment duration and dentoskeletal changes Objective: The purpose of this study was to compare the treatment duration and dentoskeletal changes between two different anchorage systems used to treat maxillary dentoalveolar protrusion and to examine the effectiveness of en-masse retraction using two miniscrews placed in the midpalatal suture. Methods: Fifty-seven patients (9 men, 48 women), who had undergone level anchorage system treatment at Aichi-Gakuin University Dental Hospital (Nagoya, Japan) were divided into two groups according to the method of maxillary posterior anchorage reinforcement: midpalatal miniscrews (25 patients, mean age 22 years) and conventional anchorage (32 patients, mean age 19 years). The en-masse retraction period, overall treatment duration, pre-treatment effective ANB angle, and change in the effective ANB angle were compared with an independent-samples t-test. Results: Compared to the headgear group, the duration of en-masse retraction was longer by approximately 4 months in the miniscrew group (p < 0.001). However, we found no significant difference in the total treatment duration between the groups. Moreover, a greater change in the effective ANB angle was observed in patients treated with miniscrews than in those treated with the conventional method (p < 0.05).
INTRODUCTION
Maxillary dentoalveolar protrusion is one of the chief complaints in adult orthodontic patients. For the correction of dentoalveolar protrusion, the bilateral premolars are commonly extracted to provide space for an terior retraction. 1 When the extraction of maxillary premolars is indicated for Class II or Class I malocclusion, the technique must be designed to maximize anterior tooth retraction 2 and to minimize mesial movements of the maxillary molars, until dental crowding and dentoalveolar protrusion are corrected. 3 Several attempts have been made to develop stable anchorage. However, it has been difficult to establish absolute anchorage with traditional extraoral or intraoral appliances such as high-pull headgear and intermaxillary elastics. Most intraoral anchorage devices were associated with some loss of anchorage. Extraoral ap pliances, on the other hand, can provide reliable anchorage, but only for patients who cooperate properly.
Recently, miniscrews have been used for skeletal anchorage. Even without patient cooperation, it is now pos sible to prevent anchorage loss of the maxillary posterior teeth during en-masse retraction and close the extraction spaces completely by anterior tooth retraction. 4, 5 Midpalatal miniscrews are especially useful for orthodontic tooth movements with minimal anatomic limitations on placement, lower medical costs, and simpler placement with less traumatic surgery. [6] [7] [8] There have been several reports about patients treated with incisor retraction with miniscrews after premolar extractions. 4, 9 However, there is little accurate scientific evidence pertaining to the treatment effectiveness of skeletal anchorage. Although recent advances in orthodontic techniques, such as orthodontic miniscrews, allow maximum anchorage and further simplify the pro cedure, 10,11 biomechanical considerations and special concerns regarding facial esthetics should be addressed for efficient orthodontic treatment of patients with maxillary dentoalveolar protrusion. Moreover, to determine the overall treatment effectiveness, it is important to evaluate the entire treatment duration, from appliance placement to removal on completion. Success in orthodontic practice is also related to accurate prediction of the treatment duration, which is dependent on several factors. [12] [13] [14] Moreover, the time effect of miniscrew anchorage remains controversial. 15, 16 The purposes of this study were to compare treatment duration and dentoskeletal changes between two different anchorage systems used to treat adult patients with maxillary dentoalveolar protrusion and to evaluate the effectiveness of en-masse retraction using midpalatal miniscrews and a modified transpalatal arch.
MATERIALS AND METHODS

Samples
The clinical records of consecutive patients, who had undergone level anchorage system treatment at Aichi-Gakuin University Dental Hospital (Nagoya, Japan), between 2008 and 2011, were searched to identify appropriate subjects. A total of 57 subjects (9 men and 48 women) met the inclusion and exclusion criteria, which were described in our previous study. 17 The common feature of these patients was maxillary dentoalveolar protrusion, which required the extraction of bilateral maxillary first premolars and maximum anchorage during en-masse retraction. The subjects were divided into two groups according to the method of maxillary posterior anchorage reinforcement (Table 1 ). There was no significant age difference between the two groups.
The high-pull headgear group included 32 patients who received traditional anchorage reinforcement with a high-pull headgear, a traditional transpalatal arch, and intermaxillary elastics (Figure 1 ). After the initial leveling and aligning in the maxillary arch, maxillary posterior anchorage was reinforced with a high-pull headgear, and Class III elastics were used to perform anchorage preparation to upright the mandibular molars. After stabilization of the mandibular arch, high-pull headgear and Class II elastics were used during the maxillary enmasse retraction. All subjects were instructed to wear the high-pull headgear for 10-12 hours per day throughout the treatment period and to record the time when the headgears were worn in the daily charts. A force of approximately 250 gm on each side was applied at the level of the buccal trifurcation (center of resistance) of the maxillary first molars. The importance of wearing the extraoral appliance as anchorage was explained at the initial stage and reiterated throughout active treatment.
The miniscrew group consisted of 25 patients who received implantation of two self-drilling miniscrews (In duce MS-II, GC Ortholy, Tokyo, Japan; diameter, 1.8 mm, length, 6.0 mm; and Dual-Top Anchor, Jeil Me dical, Seoul, Korea; diameter, 2.0 mm, length, 6.0 mm) in the midpalatal suture. Only one experienced ortho dontist (K.M.) placed all the miniscrews without flap elevation under local anesthesia according to the manufacturer's guidelines. In this study, a midpalatal sur gical guide stent was used, and cone-beam computed tomography was performed before and after miniscrew surgery to ensure the correct position and direction for insertion. 18 After two weeks of healing, the two midpalatal miniscrews were connected with a horizontal 0.030-inch stain less steel ligature wire ( Figure 2A ). The horizontal ligature wire provided support where the vertical ligature wires were firmly tied, enabling them to fasten a modified transpalatal arch (M-TPA). After the initial leveling and aligning in the maxillary arch, the maxillary posterior anchorage was reinforced with the miniscrewsupported M-TPA ( Figure 2B ).
Treatment protocol
The appliances and protocol used for en-masse retraction are described in Figures 3 and 4 . All subjects were treated with preadjusted edgewise appliances, 0.018 × 0.025-inch slot level anchorage system prescription brackets (3M Unitek, Monrovia, CA, USA). 19 The same treatment protocol was applied to both the groups, with the exception of the method of anchorage reinforcement. Maxillary posterior anchorage was reinforced with high-pull headgear or miniscrew-supported M-TPA in each group. In both the groups, six maxillary anterior teeth were retracted on a 0.017 × 0.025-inch nickeltitanium archwire with 0.010 × 0.036-inch stainless steel closed coil springs, which were stretched twothirds of the distance from the maxillary first molars to the crimpable hooks located mesial to the canines. Gable bends of 45 degrees were placed in the extraction sites to prevent tipping of the maxillary incisors lingually during the en-masse retraction. When the extraction space measured 2-3 mm, a 0.018 × 0.025-inch stainless steel archwire with keyhole loops was used for root control in the extraction sites, torque control of the maxillary anterior teeth, and final space closure. Anchorage reinforcement was continued until the extraction space was closed.
Statistical analyses
To evaluate the effectiveness of orthodontic treatment in subjects who had undergone level anchorage system treatment with two different anchorage systems, the en-masse retraction period, overall treatment duration, pre-treatment effective ANB angle, and change in the effective ANB angle were compared with an independent-samples t-test. All statistical analyses were performed using GraphPad Prism v.4 (GraphPad Software, San Diego, CA, USA). The levels of statistical significance were p < 0.05, p < 0.01, and p < 0.001, respectively.
RESULTS
Treatment duration
The mean durations required for en-masse retraction were 343.41 ± 99.80 days in the headgear group and 462.32 ± 134.78 days in the miniscrew group ( Table 2) . The time taken for en-masse retraction was increased by approximately 4 months in the miniscrew group. The period of maxillary anterior retraction was significantly longer in the miniscrew group than in the headgear group (p < 0.001). Although the mean time of retraction in the miniscrew group was significantly longer than that in the headgear group, there was no significant difference in the total treatment duration between the two groups ( Table 2 ). The total treatment duration was shorter in the miniscrew group than in the headgear group (1,096.20 ± 228.88 days vs. 1,143.37 ± 303.69 days). However, we found no significant difference between the two groups.
Dentoskeletal changes (effective ANB angle)
The change in the effective ANB angle was used as an outcome measure for the degree of improvement. The pre-treatment effective ANB angle provided an estimate for the severity of the initial malocclusion. The The pre-treatment effective ANB angle was significantly larger in the miniscrew group than in the headgear group (8.93 ± 2.43 o vs. 5.62 ± 2.13 o ) (p < 0.001). The changes in the effective ANB angle, achieved by treatment, in the headgear group and in the miniscrew group were 0.94 ± 0.54 o and 2.14 ± 0.32 o , respectively (Table 3) . A greater change in the effective ANB angle was observed in patients treated with miniscrews than in those treated with the conventional method (p < 0.05).
DISCUSSION
Conventionally, various anchorage reinforcement appliances have been used, including headgear, lingual arch, transpalatal arch, and intermaxillary elastics. These auxiliaries help to achieve acceptable interincisal relationships and reduce overjet with good patient cooperation. In this study, orthodontic treatment combined with either miniscrew anchorage or high-pull headgear has been shown to achieve acceptable results with reduction of overjet and improvement in facial profile in patients with lip protrusion. However, en-masse retraction with miniscrew anchorage did not require patient cooperation to reinforce the anchorage and provided more significant improvement in the effective ANB angle than that with traditional anchorage mechanics such as high-pull headgear com bined with a transpalatal arch. Successful orthodontic treatment depends on a variety of factors. Although the knowledge and skills of the clinician remain signi ficant, the cooperation of the patient plays a major role in achieving the desired results. 20, 21 In fact, the effectiveness and duration of orthodontic treatment is considered to depend largely on patient cooperation. [22] [23] [24] The conventional level anchorage system treatments require the use of Class II elastics and high-pull headgear to help maintain the anchorage of the maxillary posterior teeth ( Figure 5A ). The use of intermaxillary elastics has been a standard procedure for the correction of Class II, Division 1 malocclusion since the early days of orthodontic treatment. However, it is well documented in the literature that although intermaxillary elastics are effective in correcting the anteroposterior relationship of the dentition, undesirable side effects can occur. Class II elastics have been associated with some undesirable side effects such as loss of mandibular anchorage, pro clination of mandibular incisors, and extrusion of maxillary incisors. 25, 26 The horizontal vector of Class II elastic force has been shown to cause the mandibular first molars to rotate or tip mesially, procline the mandibular anterior teeth, and displace the entire lower dental arch anteriorly. 25, 27 Moreover, the use of highpull headgear has its inherent disadvantages related to compliance and duration of wear, non-compliance in many adults, and risks of potential injury. Therefore, M-TPA supported by two midpalatal miniscrews is used to prevent anchorage loss when retracting the maxillary anterior teeth. It is thus possible to make maximum use Figure 5 . The maxillary en-masse retraction. A, Headgear group. Extraction space is closed partially by maxillary molar loss. Class II elastics are used to correct the anteroposterior relationship of the dentition. B, Miniscrew group. The combination of two midpalatal miniscrews and a modified transpalatal arch serve as a skeletal anchorage. This miniscrew anchorage system allows the maxillary anterior teeth to be retracted effectively without undesirable sideeffects such as anchorage loss. There is no need to wear Class II elastics to retract the maxillary incisors and to maintain the molar relationship.
http://dx.doi.org/10.4041/kjod.2014.44.2.88 of the extraction space without wearing Class II elastics in the miniscrew group ( Figure 5B ).
Treatment duration
The period of maxillary en-masse retraction was significantly longer in the miniscrew group than in the con ventional anchorage group. A possible explanation could be that, with miniscrews, closure of the extraction space was mostly done by distalization of the anterior teeth, whereas, in the headgear group, the anterior and posterior teeth moved simultaneously in the extraction space. Therefore, the en-masse retraction distance increased in the conventional anchorage group. In addition, the en-masse retraction force decreased as a result of not using class II elastics, resulting in increased enmasse retraction duration. Miniscrew anchorage, because of less anchorage loss and increased extraction space, allows for greater orthodontic incisor movement in more severe patients. On the other hand, the treatment dura tion needed for the greater amount of en-masse retraction in the miniscrew group was also significantly longer. The miniscrew anchorage enabled greater enmasse retraction but required a longer en-masse retraction time in more severe cases.
Nevertheless, we found no significant difference in the total treatment duration between the two groups. For minimizing anchorage loss and maximizing en-masse retraction during extraction space closure, Tweed 28 empha sized anchorage preparation as the first step in orthodontic treatment. In the headgear group, stabilization in the lower arch as well as anchorage preparation should be established to use Class II elastics during enmasse retraction. Stabilization of the mandibular arch involved full appliances, a well-aligned mandibular arch, and placement of a rectangular ideal arch. After the stabilization, extra-or intraoral appliances-such as high-pull headgear, transpalatal arch, and Class II elastics-were used for anchorage control during enmasse retraction. However, in the miniscrew group, it was possible to begin en-masse retraction before stabilization of the mandibular arch because Class II elastics were not used during en-masse retraction. This might explain why there was no significant difference in the total treatment duration between the two groups.
Dentoskeletal changes
Treatment outcome can be assessed in many ways, but effective ANB angle gives a clear and simple indication of the anteroposterior relationship. 19 In more severe cases, the effective ANB angle showed a greater change in the miniscrew group. Furthermore, we found that the maxillary anterior teeth show a significantly larger amount of bodily retraction in the miniscrew group. In a previous study, we have reported cephalometric comparisons, between the same two groups, of treatment changes in vertical and anteroposterior skeletodental variables. 17 That study also showed that the miniscrew group achieves better dentoskeletal control than does the high-pull headgear group.
In the treatment of premolar extraction in patients with traditional anchorage, the maxillary molars were usually mesialized approximately 30% into the extraction space, with excellent cooperation for maximum anchorage. 29 In this study, the amount of overjet reduction was significantly different between the two groups, because the maxillary incisors were more retracted in the miniscrew group than in the conventional anchorage group. In other words, the treatment results in the miniscrew group showed more bialveolar dental protruded profiles than those in the headgear group. Therefore, from an esthetic viewpoint, treatment with traditional anchorage might be a compromise compared to treatment with miniscrew anchorage.
Compared with the headgear group, in the miniscrew group, as a result of reinforced anchorage with midpalatal miniscrews, the incisors were sufficiently retracted with less mesial movement of the maxillary molars. Minimum mesial movement of the maxillary molars would have occurred during leveling and alignment, because we usually implanted the miniscrews after the leveling phase.
We concluded that orthodontic treatment with miniscrew anchorage is simpler and more effective than traditional anchorage for patients with maxillary dentoal veolar protrusion. Because of sufficient retraction of the maxillary incisors, the upper lip in the miniscrew group was significantly retracted, and the facial profile was improved. In addition, miniscrews do not require patient cooperation for the attainment of stable anchorage.
CONCLUSION
The findings of this study show the effectiveness of miniscrew anchorage for en-masse retraction compared with traditional anchorage such as high-pull headgear and Class II elastics. 1. Miniscrew anchorage, used in level anchorage system treatment, will give orthodontists more time to control the maxillary anterior segments during enmasse retraction, without extending the total treatment duration. 2. Miniscrew anchorage achieves better dentoskeletal control than does the conventional anchorage method of level anchorage system treatment, thus impro ving the quality of the treatment results.
